Introduction
Reactions of dinitrogen binding metal centres with alkynes are believed to be models for nitrogenase activity. Frequently a straightforw ard sub stitution of N 2 followed by 7r-alkyne coordination as with /ra«.s-[Mo(N2)2(dppe)2] is observed [1] . Re cently H uttner et al. [2] have described an iron(0) system which after taking up a 1-alkyne is reversi bly oxidized to give a hydridoalkynyl iron(II) com plex.
[Fe(CO)2L,]2N 2 + 2 H C = C R -> 2 FeH (C =C R )(C O )2L2, L = P E t3
We have found that isoelectronic cobalt(I) hy dride complexes with trim ethylphosphine ligands accommodate dinitrogen and with 1-alkynes un dergo a similar reaction sequence. However, due to the presence of the hydride ligand a reductive elimination of dihydrogen will allow for still an other oxidative addition o f 1-alkyne to proceed ev-* R eprint requests to Prof. D r. H .-F . Klein. Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776/91 /0200-0147/$ 01.00/0 entually leading to hydridobis(alkynyl)cobalt(III) com pounds. We found an easy route whereby this new class of cobalt com pounds becomes readily available, that has been recently communicated for rhodium [3] ,
Experimental

General procedures and materials
All air-sensitive and volatile material was han dled by standard vacuum techniques and kept un der nitrogen. Microanalyses (C, H, N by com bus tion) were carried out by Malissa & Reuter, Microanalytical Laboratory, D-5250 Engelskirchen. Melting points (m.p.) and decomposition tem pera tures were obtained from sealed capillaries under argon and are uncorrected. Trimethylphosphine [4] was prepared from triphenylphosphite and methyl-magnesium chloride. Other chemicals (M erck-Schuchardt) were used as purchased.
Infrared spectra from nujol mulls between KBr discs or from solutions in NaCl cells were recorded on a Perkin-Elmer, Type 397, spectrophotometer; 'H N M R spectra were obtained on a Varian EM 360 (60 MHz) and Bruker WM 300 (300 MHz), where l3C (75.5 MHz) and 31P (121.5 MHz) N M R spectra were also recorded. 7 (1 ) a) 1210 mg K C o(N 2)(PM e3)3 [5] (3.42 mmol) in 100 ml ether at -7 8 °C are reacted with 320 mg phenol (3.40 mmol). After stirring the mixture for 10 min a yellow colour results. Stirring is contin ued in an ice-bath for 10 min followed by rapid fil tration through a glass sinter disc and concentra tion to 10 ml. Over dry-ice orange leaflets are ob tained, that are isolated by decantation and dried in vacuo at 0 °C. Yield 710 mg (69% based on phenol). b) 1270 mg K C o(N 2)(PM e3)3 (3.55 mmol) in 100 ml ether and 220 mg acetic acid (3.66 mmol) are combined at -7 8 °C and kept stirring at -2 5 °C for 45 min. Evaporation in vacuo at this tem perature and extraction of the orange residue with 100 ml pentane gives an orange solution. Re ducing the volume to 10 ml and cooling over dryice gives orange crystals. Yield 680 mg (63% based on cobalt). c) 240 mg K C o(15N 2)(PM e3)3 (0.68 mmol) in 40 ml ether are combined with 110 mg ethyl ace tate (1.24 mmol) at -7 8 °C and kept stirring at -2 0 °C for 20 min. After 10 min at 0 °C the volatiles are removed in vacuo and the residue is ex tracted with 30 ml pentane. Crystallization as above yields 170 mg ,5N 2[CoH (PM e3)3]2 (85% based on cobalt). d) 320 mg K C o(N 2)(PM e3)3 (0.90 mmol) in 50 ml ether are reacted with 250 mg C D 3OD (ex cess) at -7 8 °C. After stirring at -2 5 °C for 30 min the orange solution is filtered and concentrated to 3 ml. Over dry-ice orange crystals are obtained. Yield 210 mg (78%, based on cobalt). 
Preparations /u-Dinitrogen-bis[ hydridotris( trimethylphosphine ) cobalt
Analysis fo r C I8H
Reaction o f I with ethene
400 mg 1 (0.76 mmol) in 60 ml pentane are kept under 1 bar C2H 4 at 0 °C for 1 h. The colour changes to yellow-green. From 10 ml solution at -7 8 °C yellow-green needles of CoH(C^H4)(PM e3)3 [5] are obtained (IR). Yield 390 mg (81%).
Reaction o f \ with CO
580 mg 1 (0.96 mmol) in 70 ml ether are kept un der 1 bar CO at -2 0 °C for 30 min. The volatiles are removed in vacuo, the yellow residue is extract ed with 10 ml pentane to give yellow crystals of C oH (C O )(PM e3)3 [17] (IR) on cooling to -7 8 °C. Yield 500 mg (82%). X-ray data collection and structure solution: complex 1 Crystals o f 1 are not stable at room tem pera ture. 2603 reflections from three different crystals have been measured on a four-circle diffractom e ter (Stoe, Darm stadt). Three reference reflections, measured in regular intervals, were used to bring the measurements to a common scale, despite of the decreasing intensities and the different crystals. These belong to the monoclinic space group C 2/m with a -965, b = 1653, c = 1148 pm, ß = 106.88°, V = 1752-106 pm3, Z = 2 ,//(M o K J = 11.89 cm -'. Averaging over symmetry equivalent reflections yielded 1200 reflections, of which 1067 with F > 2cr(F) were used for the calculations. The structure was solved by SHELXS-86 [11] . The P(C H 3)3-groups show disorder: the structure could be re fined to an /?-value of 0.079 (R w = 0.061) only with the methyl groups split into several positions (Ta ble I). The hydrogen atoms o f the methyl groups have been omitted from the calculations; the hy drogen bound to cobalt could be located from a difference Fourier map.
Complex 5 A: X-ray diffraction data were collect ed at room temperature on a Philips PW 1100 four-circle diffractometer, using graphite-m onochromated M oK a radiation. Least squares fit of the settings angles of 25 reflections led to the space group P 2, and the cell constants a = 933. Cobalt and phosphorus atom s were located by using direct methods. Fourier and difference Fourier syntheses were used to locate all remaining atom s [11, 12] , An absorption correction was car ried out after solution o f the structure [13] . 136 atomic param eters were refined by least squares method. The heavy atom s (Co, P) were refined with anisotropic thermal parameters. The carbon atom s were refined isotropically. Refinement con verged to R = Rw = 0.0959.
F urther details of the crystal structure investiga tions are available on request from the Fachinform ationszentrum Karlsruhe, Gesellschaft für wis senschaftlich-technische Inform ation mbH, D-7514 Eggenstein-Leopoldshafen 2, on quoting the depository number CSD 54856, the names of the authors, and the journal citation.
Results and Discussion
Containing the smallest organophosphine li gand, C oH (N 2)(PM e3)3 has not been obtained by routine methods using isobutylaluminium re agents and is believed to be less stable than its well known congeners C oH (N 2)(PR 3)3 [14] . However, careful protonation of dinitrogen cobaltates K N 2C oL3 (L = PM e3 [5] , 3L -C H 3C (CH2PM e2)3) by weak acid at low tem peratures gives high yields of the corresponding hydride complexes. The products show broad vCoH bands in usual posi tions but no intense absorption where vN = N is expected. Elemental analyses state a 1:1 metal to nitrogen ratio consistent with dinitrogen bridged symmetric dicobalt complexes that are formed ac cording to eq. ( 1).
2KN-,CoL-, + 2CH3OH -► (L3CoH)2N2
(1 Protonation is also achieved using ethanol, phenol, acetic acid, or ethyl acetate. From pentane or ether in the cold 1 forms orange crystals that are stable thermally up to 31 °C and can be handled in air for a few minutes without decomposition. U n der the same conditions 2 forms yellow crystals that are slightly less soluble than those of 1 and may be kept at 50 °C for some minutes although slow decomposition proceeds at ambient tem pera tures.
Crystals o f 1 are readily dissolved in ether or to luene. These solutions take up dinitrogen display ing intense vN = N bands and in vacuo easily give off dinitrogen. Crystals grown from pentane or ether under 1 bar N 2 were those of 1 and proved suitable for X-ray diffraction. The coordination of the cobalt atom is trigonalbipyramidal: the axial positions are occupied by the nitrogen and by the hydrogen atom , respec tively, the equatorial plane is formed by the phos phorus atoms. These are shifted slightly in the di rection of the hydrogen atom , the angles N -C o -P being 97.9 and 98.4°. The P-atoms around one cobalt are staggered with respect to the other half of the molecule (Fig. 1) 
Properties in solution
W ith its permethylated outer sphere 1 is freely soluble in ether or hydrocarbon solvents. In the 'H N M R spectra these solutions, when sealed under argon, display a CoH signal at -2 4 .0 ppm (quar tet, 27(PC oH) = 55.7 Hz). When sealed under ni trogen a second quartet at -21.2 ppm (27(PCoH) = 55.2 Hz) is observed.
The new resonance is most likely due to the m ononuclear complex l a formed in an equilib rium (2) .
A similar equilibrium involving 2 has not been observed. dride and N 2 ligands in axial positions of a trigonal bipyramid, as also suggested for the isoelectronic complex CoH(CO)(PM e3)3 [19] .
In the infrared spectra complete assignment of C o -H and N = N bands was possible by isotopic labeling using 15N 2 and C D 3OD, respectively, in a synthesis according to eq. (1). The results given in Table I are consistent with an equilibrium (2) in nonpolar solvents. phine according to eq. (4) generates the /^-phosphido bridges o f a dinuclear complex of known structure [20] .
Iodom ethane in an addition elimination se quence (eq. (5)) yields CoI(PM e3)3 [9] . No cobalt(III) species have been detected in this stoichiometry while excess C H 3I causes some decom position to give tetram ethylphosphonium iodide.
Reactions with 1-alkynes
At -7 8 °C 1-alkynes displace dinitrogen in 1/1 a eventually giving alkynylhydridocobalt(III) com plexes according to eq. (6).
[ (Me3P) [
L' C 2H 4 CO P P h3 P (O P h ) 3 6H 4 Progress o f the reaction including some interme diates is described by Scheme 1. When the rapid evolution of gas has ceased and the red solution in ether is cooled, 5 is deposited as shiny orange crys tals that are a mixture of isomers. A vC=C band at 1717 cm -1 indicating ^-coordinated phenylethyne is taken as evidence for a Co(I) intermediate 5 a (Scheme 1). A second isomer 5b displaying vC=C at 2080 cm -1 and vCoH at 1891 cm -1 (Table II) 
10: R 1 = 4-CH3C6H 4 11: R 1 = 4 -C ld H , and rapidly cooling to -7 8 C. When 5c is redis solved in toluene at the lowest possible tem pera ture 5d is formed. In T H F 5d rather than 5b or 5c is formed according to eq. (6) under the mildest conditions. In a synthesis (eq. (6)) conducted at 20 °C in ether or TH F the thermodynamically sta ble species 5d is obtained as red crystals [21] . Only with phenylethyne was it possible to ob serve m ost o f the intermediates along a cascade of transform ations giving the mer-trans isomer in the last step. 5b is also obtained according to eq. (7) at -4 0 °C. O ther substituents, 4-CH3C6H4 or 4-ClC6H 4, are introduced by more convenient routes according to eq. (7), (8) .
The last o f isomerizations starting from 5 c -9 c occurs around 0 °C and gives virtually quantitative yields o f 5 d -9 d . We note here that after the oxida tive addition o f phenylethyne to CoC6H 5(PM e3)4 [8] reductive elimination of benzene does not occur. A phenyl group opposite to an alkynyl ligand ap pears to provide the most stable configuration of 9 (Table IV) .
Alkynyl cobalt(I) intermediates 10 and 11 may also be prepared in high yield according to eq. (9) as a more general route. If alkyne acidity is not sufficient for methane elimination this method is the obvious choice.
In the infrared spectra of cobalt(III) compounds 5 -9 there is little change in positions o f vC=C bands o f different isomers and of different alkynyl substituents, but there is a significant increase in wavenumbers o f vCoH bands on going from mercis to fac-cis and to mer-trans configurations of 5. On this basis an assignment of structures in solu tion is attem pted in Table IV . 
Structure o f 5 d
The mer-trans configuration of isomer 5d was established by an X-ray crystal structure determ i nation. Fig. 2 gives the atom numbering and im p ortant bond distances and angles. Including a hy dride ligand in a position defined by the angle P 2 C o P 3 = 152.9(3)°, the coordination of cobalt is octahedral with three phosphorus atom s in an equatorial plane that is not a m irror plane and the two phenylethynyl groups pointing along the nor-mal of that plane, C 1 CoC7 = 173.7(1)°. The co balt atom is located 7 pm above the plane (towards Cl).
This may be due to less accurate data. The rh o dium homolog RhH(C2C6H 5)2(PM e3)3 [3] is isostructural.
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